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Dear Prof. Lederberg: 

I received your note last week requesting information about 
phloxine as a vital stain and the origin o f  the eosin-methylene 
blue agar medium. 

With regard to phloxine. the dye was first synthesized in 1875. It 
is a bromofluorescein in the xanthene series, that is closely 
related to eosin, but has two chlorine atoms in the phthalic acid 
residue in addition to the four bromines. The Colour Index CC.1.) 
number is 45410. A closely related dye is phloxine 8, which has 
four chlorines. The chemical structure o f  Dhloxine and a genera7 
write-up of its properties are given on page 347 of CO.N.N’S 
.. BIoLOGICAL ... - .. - ._ - .. STA1N.S (9th edit., 1977; in the new edition which I am 
writing, there will be a separate chapter on fluorescen3 dyes and 
probes). Phloxine i s  fluorescent, as is eosin, fluorescein, etc. 

Although not as popular as eosin. phloxine has occasJonally been 
used as a substitute for eosin Y in cytoolasmic staining, giving 
a redder color than eosin. For instance, it was touted by Frank 
Mallory many years ago in h i s  eosin-methylene blue tissue stain 
(when good lots of eosin were then hard to find) and is referred 
to today as Mal lory’s Dhloxine-methylene blue stain. The method 
gives brilliant coloration o f  connective tissues and of 
intranuclear inclusions in yellow fever (Emmel and Cowdry’s 
L-AEORATORY TECH-NIQUE IN BIOL-OGY AND MEDICINE. 1964, Dage 338 1 .  
There are several other histological stains that use phloxine. 
For instance, see the attached Daqes from Gurr (ENC-YCLOPAEDI-A OF 
MICROSCOPIC STAINS 1960, pages 324-325 1 .  

You asked particularly about the use o f  phloxine as a vizal stain. 
Although eosin has been employed as a fluorescent vital stain, 
phloxine does not seem to have been used this way. The closest use 
to vital staining that I could find for phloxine i s  in 
differentiating functional from abortive seeds, in combination with 
methyl green (Owczarzak, Stain Tech. 27:249, 1952) and in 
distinguishing two classes of virus inclusions in fresh Dlant 
tissues, in comDination with tryDan b lue  (McWhorter. Stain Tech. 
11:107. 7936; 1 6 : 1 4 3 .  1941). 
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There has been l i t t l e  use o f  oh lox ine  i n  modern c e l l  and molecu la r  
b i o l o g y .  At tached a re  t h r e e  re fe rences  w i t h  a b s t r a c t s  f rom m v  
o n - l i n e  computer search o f  Medl ine t h a t  r e l a t e  t o  ph lox ine .  The 
paper by de W e i l l e  e t  a l .  ( 1 9 9 2 1  d iscusses t h e  b i n d i n g  o f  
f l u o r e s c e i n  d e r i v a t i v e s .  i n c l u d i n g  ph lox ine ,  t o  mnucleot ide- 
b i n d i n g  s i t e s  on t r a n s p o r t  ATPases. A second a r t i c l e  by Iwamoto e t  
a l .  (1989)  compares t h e  r e l a t i v e  photodynamic a c t i v i t y  o f  ph lox ine  
and o t h e r  food a d d i t i v e  dyes. The t h i r d  paper by Odds and Merson- 
Davies (1989)  r e f e r s  t o  t h e  use o f  p h l o x i n e  B agar t o  s tudy  gan..d.Wa 
colony v a r i a t i o n s .  A few o t h e r  re fe rences  t h a t  I p icked  up d i d  n o t  
seem worth ment ion ing.  

Fo r  d i scuss ions  o f  v i t a l  s t a i n i n g ,  see t h e  chapters  by Foot and by 
Doan and Ralph (MC_CLU_NG.’S HIANDBOOK OF MICROSCOPICAL TECHNIQUE, 3 r d  
Ed:t. ,  Revised, 1950).  There i s  an i n t e r e s t i n g  chapter  on dye 
d i f f u s i o n  i n t o  c e l l s  by Chambers and Chambers (EXPLJOR-ATIONS LNT.0 
THE NATURE OF THE LIVING C_EL_L. 1 9 6 1 ) .  Dye p e r m e a b i l i t y  i n t o  c e l l s  
i s  t r e a t e d  by Jacobs i n  t h e  book e d i t e d  by Cowdry (GENERAL 
CYTOLOGY, 1924, see pages 1 3 5 - 1 3 9 ) .  Two o t h e r  re fe rences  t h a t  a re  
va luab le  f o r  reviews o f  t h e  e a r l y  l i t e r a t u r e  on v i t a l  s t a i n i n g  a re  
by Conn and Cunningham ( S t a i n  Tech., 7:81, 1 9 3 2 )  and Drawert  

V I  T AI-F ARBUNG UN D E1 TA L F LUOROCH ROMJ ER UJNG P F L A N  Z L_T CH ER 2 E LCEN UN D 
GEWEBE. Pro top lasmato log ia .  V o l .  2 .  P a r t  D ,  No. 3 ,  Spr inger  Ver lag,  
1968). 

More recen t  rev iews o f  v i t a l  and s u o r a v i t a l  f luorochroming are  

MICR-OSPECTROFI-UOR-OM-E-RY, Ed i ted  by E.  Kohen and J .  H i  rschberg,  
1989. see pages 2 1-24 ; F-LUORESCENT AND LUMI-N_E_SCEN_T P-ROBES EOR 
B I Q L O G I C A L  A C T I V I T Y ,  E d i t e d  by W .  T .  Mason, 1993 ,  see pages 15-  
1 7 ) .  V i t a l  f luorochroming i n  f luorescence microscopy and f l o w  
cytometry  a r e  d iscussed i n  v a r i o u s  chapters  o f  t h e  books bv Wang 
and Tay lo r  ( F_C_UOR_ESCENCE MI_CROSCOPY OF LIV-LN-G CELLS I_N C-UI-IURE, 
P a r t  A ,  1989), Tay lo r  and Wang (FLUQRESCENCE MICROS_COPY OF L I V I N G  
CELLS I N  CULTURE, P a r t  9 ,  1989), and Darzynkiewicz and Crissman 
(FL-OW CYTOMETRY, 1990). 

g i ven b Y  Kasten ( C E L L  STRUCTUR-E AND F_U N C T I O N  BY 

Now f o r  your second ques t i on  on t h e  eosin-methylene b lue  agar 
medium. I d o n ’ t  know where you exceroted t h e  d e s c r i p t i o n  t h a t  you 
sent  me, b u t  Lev ine ’ s  work was pub l ished i n  1918, n o t  1 9 1 7 .  A lso ,  
i t  shou ld  read H o l t - H a r r i s  and Teague - n o t  H o l t ,  H a r r i s  and 
Teague. The bas i c  medium o r i g i n a t e d  w i t h  them i n  an a r t i c l e  
pub l i shed i n  J .  I n f e c t i o u s  Diseases (18:596-600, 1 9 1 6 ) .  The method 
was va luab le  i n  d i s t i n g u i s h i n g  E .  c o l i  ( o r  B. coli as i t  was known 
then)  f rom t h e  t y p h o i d  b a c i l l u s .  The r a t i o n a l e  was e x p l o i t e d  
f u r t h e r  by Teague and H a r r i s ,  us ing  e o s i n  and Bismarck brown, t o  
c r e a t e  a d i f f e r e n t i a l  c u l t u r e  medium f o r  t h e  cho le ra  v i b r i o  ( J .  
I n f e c t i o u s  Diseases ( 1 8 : 6 0 1 - 6 0 5 .  1 9 1 6 ) .  Other papers were pub l ished 
d u r i n g  t h i s  o e r i o d  by Teague and assoc ia tes  where eosin-methylene 
b lue  agar ,  e o s i n - b r i l l i a n t  green agar,  and t h e  o l d e r  Endo agar were 
compared f o r  t h e  i s o l a t i o n  o f  t y o h o i d  b a c i l l i  ( c f . ,  J .  I n f .  D i s .  
18:647, 1916; 18:653, 1 9 1 6 ) .  



Although t h e  eosin-methylene b lue  agar medium c l e a r l y  o r i g i n a t e d  
w i t h  H o l t - H a r r i s  and Teague i n  1916, most people e r roneous ly  c r e d i t  
Lev ine.  Lev ine came i n t o  t h e  p i c t u r e  i n  1918 w i t h  an a r t i c l e  i n  J .  
I n f e c t t o u s  Diseases (23:43-47, 1918).  He acknowledged t h e  p r i o r  
worK i n  t h i s  a r t i c l e  and l a t e r  ones. He mod i f i ed  s l i g h t l y  t h e  
eosin-methylene b lue  (EMB)  agar medium o f  H o l t - H a r r i s  and Teague 
t o  d i s t i n g u i s h  6 .  ( E . )  c o l i  f rom B.  ( A * )  aerogenes. The a c t u a l  
m o d i f i c a t i o n  i s  ever so s l i g h t ,  t h a t  I wonder why Lev ine ’ s  name was 
r e t a i n e d  a lone by o t h e r s  f o r  t h e  name o f  t h e  medium. I n  my o p i n i o n ,  
t h i s  i s  a misnomer; t h e  medium should be c a l l e d  “ H o l t - H a r r i s ,  
Teague, and Lev ine ’ s  EM6 medium” o r  perhaps, “Lev ine ’ s  m o d i f i c a t i o n  
o f  H o l t - H a r r i s  and Teague’s eosin-methylene b l u e  medium. A l a t e r  
a r t i c l e  by Lev ine i s  a l s o  c i t e d  f r e q u e n t l y  when t h e  EMB medium i s  
r e f e r r e d  t o  ( Iowa S t a t e  Engin. Exp. S t a t . ,  B u l l .  6 2 .  1 9 2 1 ) .  F o r  
example, t h e  DLFWC-0 M-AN.UA.L_ c i t e s  t h i s  re fe rence a lone.  The QX.O_I_p 
M_AN.UAL OF CUL?UR.E MEQIA, INGRE.Q_I_ENT-S 4N.P 0T.H-E.R LAB-Q.RATORlrl SE.RYLCES 
g ives  t h e  Lev ine re fe rences  o f  bo th  1918 and 1 9 2 1 .  U n f o r t u n a t e l y ,  
n e i t h e r  manual mentions t h e  o r i g i n a l  work o f  H o l t - H a r r i s  and Teague 
f rom 1 9 1 6 .  The EMB medium was l a t e r  used t o  i d e n t i f y  Ggnd1d.a 
-. a1 bi-c-an~s -. .. BEpGEY..’.S MA.Nl.A_L i V o l  . 2 ,  page 1545 r e f e r s  t o  another 
long re fe rence by Lev ine ( B u l l .  Iowa S t a t e  A g r i c .  Coi1.7:1-72, 
1926). 

The mis take  I r e f e r r e d  t o  above ( “ H o l t ,  H a r r i s  and Teague‘)  
probably  o r i g i n a t e d  w i t h  Lev ine h i m s e l f .  I n  h i s  1918 Daper, he 
r e f e r s  c o r r e c t l y  t o  H o l t - H a r r i s  ancl Teague b u t  i n  h t s  1 9 2 0  a r t i c l e  
on page 38 ( J .  I n f .  D i s .  2 7 : 3 1 ) ,  he says, ” H o l t ,  H a r r i s  and 
Teague.” I should be c h a r i t a b l e  i n  p o i n t i n g  o u t  t h i s  e r r o r ,  s i n c e  
Levine was w i t h  t h e  overseas American Exped i t i ona ry  Forces i n  
France a t  t h e  t ime  and may have been o u t  o f  touch w i t h  l i b r a r y  
re fe rence m a t e r i a l .  

Enclosed a re  photocopies o f  most o f  t h e  m a t e r i a l  c i t e d  i n  t h e  
s e c t i o n  o f  t h i s  l e t t e r  on t h e  eosin-methylene b lue  agar medium. 

I hope t h a t  my response answers your ques t ions .  I f  t h e r e  i s  
any th ing  f u r t h e r  I can do, p lease l e t  me know. I w i l l  n a t u r a l l y  be 
i n t e r e s t e d  t o  know more about your use o f  t h i s  i n f o r m a t i o n .  

S i n c e r e l y ,  

yd f* 
Freder i ck  H. Kasten, Ph.D. 
Pro fessor  o f  Anatomy 

Encl . 


